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ABSTRACT
We have performed a wide-field imaging survey of the globular cluster (GC) pop-
ulations around M87 with Suprime-Cam on the 8.2m Subaru Telescope. A 2◦ × 0◦
·
5
field extending from the centre of M87 out to a radius of ∼ 0.5 Mpc was observed
through the BV I filters. By investigating the GC colour distribution as a function of
distance from M87 and NGC 4552, another luminous Virgo elliptical in our survey
field, it is found that clear bimodality ((V − I)peak ∼ 1.0 and 1.2) is seen only in the
inner regions (. 10 kpc) of the host galaxies and that it becomes weaker with radius
due to the decreasing contribution of the red GC (V − I > 1.1) subpopulation. It is
also found (both around M87 and NGC 4552) that while the spatial distribution of
the red GCs is as centrally concentrated as the host galaxy halo light distribution, the
distribution of the blue GCs (V − I 6 1.1) tends to be more extended. However, the
blue GC distribution around M87 is not as extended as the Virgo cluster mass density
profile. Based on these facts, we argue that the contribution of GCs associated with
the Virgo cluster (e.g., intergalactic GCs) is not significant around M87 and is not the
primary reason for the high SN value of M87. Instead, most of the blue GCs around
luminous ellipticals, as well as the red GCs, are presumed to be associated with the
host galaxy.
We model the radial profile of GC surface densities out to ∼ 0.5 Mpc from M87
by a superposition of the GC populations associated with M87 and with NGC 4552.
It is found that there are some regions where the GC surface densities are larger than
expected from this model, suggesting the existence of an additional intergalactic GC
(i-GC) population independent of the luminous ellipticals. By comparing the estimated
i-GC surface density with the luminosity density of the intracluster stellar population
inferred from the intergalactic planetary nebulae in the Virgo cluster, we obtain a
crude estimate of i-GC specific frequency SN = 2.9
+4.2
−1.5. If this SN value represents
the stellar population tidally stripped by a massive central galaxy from other (less
luminous) galaxies, the contribution of tidally captured GCs in the GC population of
M87 would need to be low to be consistent with the high SN value of M87.
Key words: galaxies: elliptical and lenticular, cD — galaxies: star clusters — galax-
ies: evolution — galaxies: formation — galaxies: individual: NGC 4486, NGC 4552—
galaxies: clusters: individual: Virgo cluster.
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1 INTRODUCTION
Globular cluster (GC) populations are one of the key probes
of the archeology of their host galaxy because GCs contain
stars with a single age and metallicity and are therefore in
principle simpler to interpret than the integrated light of
field stars. One of the most exciting recent developments in
the study of extragalactic GCs is the discovery that many lu-
minous elliptical galaxies have bimodal or multimodal colour
distributions of GCs (e.g., Gebhardt & Kissler-Patig 1999;
Larsen et al. 2001; Brodie et al. 2005). Since this is unlikely
to be produced in a model of elliptical galaxy formation
with a simple monolithic collapse and subsequent star for-
mation, more elaborate models have been proposed. One is
the multiphase collapse scenario (Forbes, Brodie & Grillmair
1997), where all GCs are presumed to form coevally with
the host galaxy in a massive burst of star formation within
a short time scale at high redshift and are therefore ex-
pected to be uniformly old. Since the starburst is presumed
to be split into several discrete phases, some of the GCs will
form in gas clouds more polluted by earlier star formation,
which could result in a red GC subpopulation. Another pro-
posed model is the merger scenario (Ashman & Zepf 1992),
where luminous ellipticals are presumed to have formed via
gas-rich galaxy mergers which induce the formation of addi-
tional red GCs, while the blue ones originate in the progen-
itor galaxies. In this case, the blue and red GC subpopula-
tions would contain predominantly old/metal-poor GCs and
younger/metal-rich GCs, respectively. Beasley et al. (2002)
found that GC bimodality was a general characteristic of
hierarchical merging models in which the formation of blue
GCs was truncated at high redshift.
However, most of the elliptical galaxies whose GC pop-
ulations have so far been intensively studied reside in high
density environments. The GC properties upon which the
proposed scenarios are based may therefore not be intrinsic
but may have been substantially modified by environmen-
tal effects. Field stars in the outer parts of galaxies can be
stripped off into intergalactic space due to tidal interactions
between galaxies and the cluster potential, and as a result
of high-speed encounters between galaxies. In fact, observa-
tions have now provided direct evidence for such an intra-
cluster stellar population in the form of planetary nebulae
(PNe) (e.g., Theuns & Warren 1997; Feldmeier et al. 2004a;
Arnaboldi et al. 2004), red giant branch stars (Durrell et al.
2002), and diffuse light (e.g., Feldmeier et al. 2002, 2004b).
It is believed that GCs may also be stripped from galax-
ies by tidal interactions, suggesting that intergalactic space
may harbour a potential reservoir of GCs which needs to
be taken into account to understand the evolution of GC
populations. In an alternative explanation of the bimodal-
ity of GCs known as the accretion scenario (Coˆte´, Marzke,
& West 1998), the blue (metal-poor) GCs are assumed to
have been captured from other (presumably less luminous)
galaxies through tidal stripping and/or accretion. A popula-
tion of intergalactic GCs (“i-GC” hereafter) may naturally
explain the fact that GCs tend to be extremely populous
around central cluster galaxies, because they would be most
likely to be surrounded by a significant population of i-GCs
(West et al. 1995). By surveying directly for i-GCs and char-
acterizing this population, it is possible to test the validity
of the accretion scenario and improve our understanding of
the formation of GC populations. Furthermore, the i-GC
specific frequency could be estimated by comparing the lu-
minosity of the intracluster stellar population with the total
number of i-GCs. Since GC specific frequency is considered
to depend on galaxy morphology, this would give an insight
into the parent galaxy type and luminosity of i-GCs and the
physical processes of galaxy interactions.
To date, however, there is no firm evidence for or against
the existence of i-GCs (Bassino et al. 2003; Jorda´n et al.
2003; Mar´in-Franch & Aparicio 2003). In fact, several tech-
nical difficulties must be overcome to find i-GCs. Firstly,
the surface number density of i-GCs is inferred to be high-
est around the cluster centre because tidally stripped GCs
are expected to be distributed like the mass distribution of
the host galaxy cluster (White 1987; Muzzio 1987; West et
al. 1995), but a cD galaxy or giant elliptical is located at
the cluster centre in many cases. Since luminous ellipticals
are normally surrounded by thousands of GCs, a large area
needs to be surveyed to see whether there are additional
i-GCs and to discriminate them from GCs associated with
the central galaxy. This search needs to extend over several
hundred kilo-parsecs from the cluster centre, since the GC
population in a luminous elliptical galaxy may extend out to
∼ 100 kpc (Rhode & Zepf 2001; Dirsch et al. 2003). By sur-
veying a contiguous region around the central galaxy, one
may be able to detect an apparent change in the slope of
the radial profile of GC surface number densities due to the
presence of i-GCs. Secondly, GCs need to be probed down to
a very low surface number density to investigate the spatial
structure of their distribution out to such large radii. It is
suggested by recent wide-field studies of GC populations in
luminous ellipticals that the GC surface number density in
the outer halos is . 1 arcmin−2 (Rhode & Zepf 2001, 2004;
Dirsch et al. 2003; Dirsch, Schuberth & Richtler 2005). If
this is a mixture of GCs associated with the host galaxy
and i-GCs, the i-GC surface number density would be even
lower. In fact, a recent study of GC populations in the For-
nax cluster has suggested an i-GC surface number density of
∼ 0.1 arcmin−2 (Bassino et al. 2003). Accordingly, selection
of GCs and statistical subtraction of foreground and back-
ground contamination will have to be carefully performed.
In this paper and a companion paper (Tamura et al.
2006; Paper I hereafter), we report a wide-field imaging sur-
vey in the B, V , and I bands of the GC populations around
M87, the luminous elliptical galaxy at the centre of the Virgo
cluster, conducted with Suprime-Cam on the Subaru Tele-
scope. The survey area is ∼ 2◦ × 0◦· 5 (560 kpc × 140 kpc)
which is the widest survey yet undertaken of the GC popula-
tions around luminous ellipticals (the survey depth is similar
or slightly deeper than the previous ground-based surveys).
We also make use of wide-field imaging data on control fields
taken with Subaru/Suprime-Cam to correct for foreground
and background contamination. The observations, data re-
duction and data analyses including the selection of GC
candidates, incompleteness corrections, and subtraction of
foreground and background contamination in the GC can-
didates are presented in Paper I, where we also present GC
luminosity functions and global GC specific frequencies of
M87 and NGC 4552. The present paper is dedicated to the
investigation of the colour distribution and spatial distribu-
tion of GCs. Observational results are presented in the next
section and are discussed further in § 3. We summarize this
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paper in § 4. We adopt a distance of 16.1 Mpc (distance
modulus of 31.03) to M87, and 15.4 Mpc (distance modulus
of 30.93) to NGC 4552, based on measurements using the
surface brightness fluctuation method (Tonry et al. 2001).
An angular scale of 1′ corresponds to 4.7 kpc and 4.5 kpc at
the distance of M87 and NGC 4552, respectively.
2 RESULTS
2.1 Colour Distribution
Since the errors in the V − I colours tend to be smaller than
those of B − V (see Paper I), we investigate trends of GC
colour distributions with distance from the host galaxy us-
ing V − I colours. Also, in order to keep as much sensitivity
as possible to any features in the GC colour distribution, we
restrict the GC sample to those brighter than V = 24 mag,
where incompleteness corrections are not significant (Paper
I). In Fig. 1, GC colour distributions within annuli centered
on M87 are shown. The dotted lines indicate raw GC colour
distributions without incompleteness correction and control
field subtraction. The thick (thin) lines show results after
incompleteness correction and control field subtraction us-
ing the data from the HDF-N (LH) field, respectively. Most
of these colour distributions show deviations from a single
Gaussian and the sum of two Gaussians give a better fit as
indicated by KMM tests (Ashman, Bird & Zepf 1994). How-
ever, the presence of a clearly defined red peak at V −I ∼ 1.2
is confined primarily to the inner regions of both galaxies. In
Fig. 2, the GC colour distributions within a restricted dis-
tance of 5′ (∼ 23 kpc) from each galaxy centre are shown.
Double Gaussians are fitted to these colour distributions and
are shown as smooth curves. In both M87 and NGC 4552,
evidence for bimodality is seen with peaks at V − I ∼1.2
mag and ∼1.0 mag, respectively, as previously found in the
core regions (. 1′) with HST (Whitmore et al. 1995; Elson
& Santiago 1996a; Elson & Santiago 1996b; Neilsen & Tsve-
tanov 1999; Kundu et al. 1999; Kundu & Whitmore 2001;
Larsen et al. 2001; Jorda´n et al. 2002). Using simple stellar
population models by Vazdekis et al. (1996) with an age of
12.6 Gyr and a Salpeter initial mass function, a linear rela-
tionship between V − I colour and metallicity1 is found to
be as follows:
[Fe/H] = 4.33 (V − I)− 5.33. (1)
The metallicities corresponding to the peak colours are
therefore estimated to be [Fe/H] ∼ −0.13 and −1.0. Fig.
2 also suggests that the bimodality is less clear in the outer
regions due mainly to the decreasing contribution of red GCs
(see also Dirsch et al. 2003; Forbes et al. 2004).2 We note
1 Yoon, Yi & Lee (2006) have recently suggested a non-linearity
in the relationship between GC colour and metallicity driven by
metallicity dependence of horizontal branch morphology. This
would need to be considered when GC metallicity is discussed
in detail, whilst we use the linear approximation in this paper
because almost all the discussions are on a colour basis and do
not depend on calibration of colour to metallicity.
2 This trend is similar to the global trend seen in individual
galaxies for which the red GC subpopulation is less significant
in less luminous early-type galaxies (e.g., Peng et al. 2006). Both
that the peak colours of the GC colour distributions in Fig.
2 tend to be slightly (∼ 0.05 mag) redder than the esti-
mates using the HST data corrected for Galactic extinction
(∆(V − I) ∼ 0.03 mag, which is considered in our study).
This difference may be attributed to a calibration error, giv-
ing an uncertainty of ∼ 0.2 dex in metallicity estimated from
V − I . This discrepancy however does not affect any discus-
sions hereafter.
In Fig. 3, V − I colours of GC candidates with V 6 24
mag are plotted against distance from M87 and NGC 4552.
The average GC colour is calculated in a radial bin and is
indicated with a circle. The 25- and 75-percentiles of the
colour distributions in each radial bin are shown by the top
and bottom of error bars, respectively. This figure suggests
that the mean GC colour becomes bluer with increasing
distances from the host galaxy centres. The colour gradi-
ent is estimated to be d(V − I)/dr = −0.014 ± 0.005 or
d(V − I)/d log r = −0.17± 0.07 for the M87 GC population
and d(V − I)/dr = −0.012 ± 0.006 or d(V − I)/d log r =
−0.16± 0.08 for the NGC 4552 GC population. These esti-
mations are performed using the GC colours within 15′ from
the host galaxy centre. These colour gradients are probably
due to a combination of the decreasing fraction of red GCs
with radius and a colour gradient within each subpopula-
tion. The latter is clearly suggested by Fig. 3 at least for
the blue GC subpopulation; whereas ∼ 45 % of the blue
GCs (V − I 6 1.1) are bluer than V − I = 1.0 mag near
the galaxy centre (e.g., 1′ 6 R 6 2′), the fraction increases
(i.e. the average colour of the blue GCs becomes bluer) with
radius and it becomes ∼ 80 % at 9′ 6 R 6 10′. This is the
case both in M87 and NGC 4552.
However, GC colour gradients seem to be much less
significant outside of ∼ 15′ (∼ 70 kpc) in both of the lu-
minous ellipticals. The absence of a colour gradient outside
a certain radius is qualitatively consistent with the result
for NGC 4472 by Rhode & Zepf (2001) who find a marginal
colour gradient (d(B − R)/dr = −0.010 ± 0.007) within 8′
or ∼ 40 kpc, but no significant colour gradient outside of
this radius. These results suggest that the blue GC popu-
lation has no metallicity gradient in the outer region of a
luminous elliptical galaxy. We note that the colour selection
of GC candidates is not designed to sample GCs bluer than
V − I ∼ 0.7, but this colour corresponds to [Fe/H] ∼ −2.3 if
GCs are old (see equation (1)) and GCs with this extremely
low metallicity are expected to be rare.
The solid line overplotted in Fig. 3 shows the colour
profile of the host galaxy halo light; the thick line indi-
cates the measured colour profile and the thin lines show
the envelope due to ±1σ errors in the background esti-
mation, which is represented by the standard deviation
of pixel values on a CCD frame in the same field as the
galaxy but with no very bright stars or galaxies present.
The colour gradient of the host galaxy halo light is esti-
mated to be d(V − I)/d log r = −0.19 ± 0.03 in M87 and
d(V −I)/d log r = −0.09±0.09 in NGC 4552 within 3′. This
indicates that in M87, the colour gradient of the host galaxy
tends to be steeper than the GC colour gradient, while both
may reflect a decrease of average GC metallicity with decreas-
ing galaxy mass and increasing galactocentric distance, given the
colour-metallicity calibration by Yoon et al. (2006).
c© 2006 RAS, MNRAS 000, 1–14
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Figure 1. V − I colour distributions of GC candidates with V 6 24 mag. The dotted line shows the raw colour distribution, and the
solid lines indicate those after correcting incompleteness and contamination. The thick (thin) line shows the colour distribution where
the subtraction of contaminating sources is performed using the HDF (LH) data, respectively.
are mutually consistent within the errors for NGC 4552. We
note that the colour gradient of the M87 halo light is steeper
than previous estimates in the core region (r . 100′′) e.g.
d(B−R)/d log r = −0.07±0.02 in Peletier et al. (1990) and
d(B − I)/d log r = −0.05± 0.01 in Goudfrooij et al. (1994),
so even less steep gradients are expected in V − I colour.
3 The difference probably comes from the significant blu-
3 Using simple stellar population models by Vazdekis et al. (1996)
with an age of 12.6 Gyr old and a Salpeter initial mass function,
ing of colour with increasing radius exhibiting in our data
especially at r & 120′′ (Fig. 3), which has not been investi-
gated in the previous studies. Fig. 3 also indicates that the
host galaxy colour, varying at radii between 1′ and 3′ from
the sensitivities of V −I, B−R and B−I to metallicity variation
are compared as ∆(B−R)/∆(V −I) = 1.36 and ∆(B−I)/∆(V −
I) = 1.92. These can be used to convert a B −R or B − I colour
gradient to that in V − I, assuming that colour gradients are
driven by metallicity variations (e.g., Tamura et al. 2000).
c© 2006 RAS, MNRAS 000, 1–14
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Figure 2. V − I colour distributions for the GC candidates with V 6 24 mag in the central (R 6 5′) regions of M87 (left) and NGC
4552 (right). The histogram is the GC colour distribution obtained after the incompleteness correction and control field subtraction are
applied. Overplotted are fitted Gaussians representing the blue and red GC subpopulations (thin lines) and the sum of these (thick lines).
A linear relationship between V − I colour and metallicity can be derived by using simple stellar population models by Vazdekis et al.
(1996) with an age of 12.6 Gyr for and a Salpeter initial mass function as follows: [Fe/H] = 4.33 (V − I)− 5.33.
1.37 mag to 1.26 mag in M87, and 1.27 mag to 1.24 mag in
NGC 4552, is slightly redder than the mean colour of the
red GC subpopulation (V − I ∼ 1.2 mag). We restrict the
host galaxy colour profiles to those inside 3′ because they
are highly uncertain outside of this radius.
2.2 Spatial Distribution
2.2.1 Radial profiles of GC surface densities
The spatial distribution of the GC candidates with V 6 24.5
mag is shown in Fig. 4. The red GCs (V − I > 1.1) are
plotted in the upper panel, and the blue GCs (V − I 6 1.1)
are plotted in the lower panel (the boundary of the colour
between red GCs and blue GCs approximately separates the
two peaks in the bimodal colour distribution). M87 is at
coordinates (0, 0), and NGC 4552 is at (72, 10). This figure
indicates that the red GCs exist only near the luminous
ellipticals, while the blue GCs tend to be extended out to
larger distances. This trend can be more clearly seen in a plot
of GC surface densities as a function of distance from the
host galaxy, which is shown below. We use the HDF-N data
to subtract the foreground and background contamination
but our results and subsequent discussions do not change if
the LH data are used.
In order to compute the total number of GCs as a func-
c© 2006 RAS, MNRAS 000, 1–14
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Figure 3. V − I colours of the GC candidates with V 6 24 mag are plotted (grey points) against distance from M87 (left panels) and
NGC 4552 (right panels). The average color of GCs at a given radius is overplotted with filled circles and the 25- and 75-percentile of the
colour distribution are indicated with the error bars. The colour profiles of the host galaxies are overplotted with solid lines; the thick
line indicates the measured colour profile and the thin lines show the uncertainty due to ±1σ errors in the background estimation.
Figure 4. Spatial distribution of red (V − I > 1.1) GCs and blue (V − I 6 1.1) GCs. M87 is at coordinates (0, 0), and NGC 4552 is at
(72, 10). Only GCs with V 6 24.5 mag are plotted.
tion of distance from the host galaxy (M87 or NGC 4552),
we integrate the GCLF in each radial bin down to either
the magnitude where the completeness in that radial bin is
50 % or V = 24.5 mag whichever is the brighter. We then
multiply the number of GCs by a correction factor to take
into account the GCs fainter than this magnitude limit. This
correction factor is calculated using the Gaussian fit to the
GCLF in the inner regions of M87 and NGC 4552 (Paper
I) and it is used independently of the radial bin. Since the
shapes of the GCLFs for the red and blue GC subpopula-
c© 2006 RAS, MNRAS 000, 1–14
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tions appear to be different (Paper I), the correction factor
for each subpopulation is calculated from the Gaussian fit
to the GCLF of that subpopulation.
Radial profiles of GC surface number densities are pre-
sented in Fig. 5 for the M87 GCs in the left panel and the
NGC 4552 GCs in the right panel. Filled triangles and open
circles are the number densities of the red and blue GC sub-
population, respectively, and solid circles are those of the
total GC population. The error bar represents a Poisson er-
ror at a given radius estimated from the number of GCs in
this annulus and the number of contaminating objects in
the control field normalized to the same area. The slopes
of these radial profiles are calculated by fitting regression
lines. For M87, the slope of the red, blue, and total GC den-
sity profile (d log ΣGC/dR
1/4) is −2.44± 0.06, −1.47± 0.03,
and −1.76±0.03, respectively. The slopes for the NGC 4552
GC profiles are quite similar to those for the M87 GCs;
−2.44±0.16, −1.60±0.10, and −1.88±0.08 for the red, blue,
and total GC density profile, respectively. The host galaxy
halo light distributions in the V band are also shown by
dashed lines. These are arbitrarily shifted in the vertical di-
rection to enable comparison with the GC distributions. The
slope of the surface brightness distribution (d log IV /dR
1/4)
is calculated to be −2.36 ± 0.09 for M87 and −2.38 ± 0.11
for NGC 4552.
Figure 5 therefore demonstrates that the GC distribu-
tion tends to be more extended than the host galaxy halo
light, which has also been found in NGC 4472 (Harris 1986),
NGC 1399 (Dirsch et al. 2003), NGC 4649 (Forbes et al.
2004) and NGC 4374 (Go´mez & Richtler 2004). It also indi-
cates that while the distribution of the red GC subpopula-
tion is as centrally concentrated as (or possibly slightly more
concentrated than) that of the halo light, the distribution of
the blue GC subpopulation tends to be more extended as
has been pointed out previously not only for M87 (Coˆte´ et
al. 2001) but also for some other luminous ellipticals: NGC
4472 (Lee, Kim & Geisler 1998), NGC 4649 (Forbes et al.
2004) and NGC 1399 (Bassino et al. 2006). We investigate
the GC distribution in further detail using the full radial
coverage of our data in § 3.1. In contrast to these results, no
clear difference is found in another luminous Virgo elliptical,
NGC 4374 (Go´mez & Richtler 2004). This may indicate that
the spatial distribution of GCs varies from galaxy to galaxy.
It should be mentioned, however, that the control field used
in the Go´mez & Richtler (2004) study is relatively close to
the host galaxy; 10′ (∼ 53 kpc) from NGC 4374, where a
number of blue GCs may still exist. Contamination of the
control fields by blue GCs would tend to steepen the ra-
dial profile of the blue GC surface densities, making it more
similar to that of red GC subpopulation.
2.2.2 Local GC Specific frequency
In order to convert the radial profiles of GC surface densities
to those of local GC specific frequency (SN ), the luminosity
of host galaxy halo light within an annulus is calculated
using a de Vaucouleurs law fitted to the V -band surface
brightness distribution measured using our data (Fig. 5).
The results are shown in Fig. 6. The solid line indicates
the measured SN variation with radius and the thin lines
show the 1 σ uncertainty according to the errors in the GC
surface densities. We also calculate the SN values for only
the red GCs or blue GCs shown by filled triangles and open
circles, respectively. This figure indicates that the increasing
trend of local SN with distance from the host is primarily
due to the fact that the blue GC distribution tends to be
more extended than the host galaxy halo light distribution.
As suggested by the similarity of the red GC distribution
to the halo light distribution, there is no clear trend of SN
with radius for the red GCs. This is the case both in M87
and NGC 4552.
3 DISCUSSION
3.1 Detailed Analysis of GC Surface Density
Profiles
3.1.1 Host of the blue GCs
The extended nature of the blue GCs compared to the host
galaxy halo light distribution may imply the existence of a
number of GCs which are not associated with any luminous
galaxies. In order to examine the validity of an idea that
i-GCs exist in a galaxy cluster (e.g., White 1987; Muzzio
1987), which could apparently enhance the number of GCs
in a luminous elliptical galaxy and its SN by superposition,
West et al. (1995) predict the local number densities of i-GCs
at the locations of 14 giant cluster ellipticals by assuming
that i-GCs are distributed in a galaxy cluster following the
mass distribution of the cluster and that a more massive
galaxy cluster possesses a larger number of i-GCs (there-
fore the apparent enhancement of GC number due to i-GCs
would depend both on the mass of the host cluster and the
location of the galaxy in the cluster). They find that higher
i-GC densities are predicted for those giant ellipticals with
larger excess numbers of GCs compared to the predictions
from a typical SN value for normal ellipticals and claim that
this correlation is evidence for the existence of such i-GCs.
Harris et al. (1998) argue against this idea by comparing
the radial surface density profile of all the M87 GCs within
10′ from the centre with that of the GCs around NGC 4472,
which has a similar luminosity to M87 but is located in the
outer region of the Virgo cluster and has a normal SN value.
They demonstrate that the excess number of GCs in M87
compared to that in NGC 4472 is seen at all radii, in the
sense that an additional GC population to explain the excess
would need to be highly concentrated around M87, which is
unlikely for an i-GC population. This argument still holds
based on more recent GC data (this study for M87 GCs and
Rhode & Zepf (2001) for NGC 4472 GCs). Our data also sug-
gest that while the blue GC distribution around M87 is more
extended than the halo light distribution (Fig. 5), it is sig-
nificantly more concentrated toward the galaxy centre com-
pared to the radial profile of the dark matter surface mass
density in the Virgo cluster derived by McLaughlin (1999a),
which is indicated in the left panel of Fig. 7. The cluster
mass distribution in this case is described by an NFW pro-
file ρ(r) ∝ (r/rs)
−1(1 + (r/rs))
−2 (Navarro, Frenk & White
1997), where rs = 560 kpc, that is constrained over a large
range of distance from the cluster centre by the stellar mass
distribution of M87 (de Vaucouleurs & Nieto 1978), the sur-
rounding X-ray hot gas distribution (Nulsen & Bo¨ringher
1995), the surface density profile of dwarf elliptical galaxies
(Binggeli, Tammann & Sandage 1987), and the kinematics
c© 2006 RAS, MNRAS 000, 1–14
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Figure 5. Radial profile of GC surface number densities around M87 (left panel) and NGC 4552 (right panel). Filled triangles and open
circles show the surface number densities of the red (V − I > 1.1) and blue (V − I 6 1.1) GCs, respectively, and solid circles are those
of the total GC population. Dashed lines show the host galaxy halo light distribution in the V band, which is arbitrarily shifted in the
vertical direction for comparison with the GC profiles.
Figure 6. Local GC specific frequency (SN ) is plotted against distance from the host galaxy. The thick line shows the measured
values and the thin lines show the envelope of the ±1σ uncertainty in the estimation of the total number of GCs. SN for the red GC
subpopulation is shown as filled triangles, and that for the blue GC subpopulation is indicated with open circles.
of Virgo early-type galaxies (Girardi et al. 1996). The solid
line in the left panel of Fig. 7 shows the 2D projection of
this NFW profile4 with the normalization scaled arbitrarily
for comparison with the GC profile and can be seen to be
significantly more extended than the blue GC distribution.
4 In this radial range, this model exhibits a radial profile steeper
than other formulae used to represent the cluster mass distribu-
tion such as a King profile fitted to the galaxy distribution (nearly
constant with radius; Binggeli et al. 1987) and that determined
by the GC kinematics within ∼ 8′ (∼ 40 kpc) of M87 (∝ R−0.3;
Cohen & Ryzhov 1997; Coˆte´ et al. 1998). The surface brightness
distribution in the faint envelope of M87 (& 15′) is however simi-
lar to this projected Hernquist profile (Carter & Dixon 1978; see
also Harris et al. 1998).
It should also be pointed out that such an extended distri-
bution of blue GCs is seen not only around M87 but also
NGC 4552 (Fig. 5), NGC 4472 (Lee et al. 1998) and NGC
4649 (Forbes et al. 2004) which are located in the outer re-
gions of the Virgo cluster. Both of these facts suggest that
the contribution of i-GCs existing on the cluster scale is in-
significant around M87 and most of the blue GCs as well as
the red GCs must be associated with the host galaxy.
3.1.2 Blue GC distribution and host galaxy dark matter
halo
The next question would then be what the blue GC distribu-
tion represents. One interesting possibility is that the blue
GCs are associated with the dark matter halo of the host
c© 2006 RAS, MNRAS 000, 1–14
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Figure 7. Left panel: Surface densities of the M87 blue GCs are plotted with open circles against logarithmic distance from the centre
of M87. The dotted line indicates a projected NFW profile with a scale radius of 20 kpc which fits the blue GC distribution. The solid
line indicates the radial dependence of the projected Virgo cluster mass distribution represented by an NFW profile with a scale radius
of 560 kpc (McLaughlin 1999a). Right panel: Same as the left panel, but for the NGC 4552 blue GCs. The horizontal axis is logarithmic
distance from the centre of NGC 4552. The dotted line shows a projected NFW profile with a scale radius of 14 kpc.
galaxy itself. There are at least some suggestions that dark
matter halos of luminous (massive) ellipticals are more spa-
tially extended than their stellar contents from gravitational
lens analyses of early-type galaxies at intermediate redshifts
(Rusin, Kochanek & Keeton 2003; Treu & Koopmans 2004;
Ferreras, Saha & Williams 2005) and X-ray hot gas analyses
of nearby ellipticals (Fukazawa et al. 2006). Our data sug-
gest that the blue GC distributions around M87 and NGC
4552 can be modelled by NFW profiles. In Fig. 7, the dotted
lines show projected NFW profiles with scale radii (rs) of
20 kpc and 14 kpc fitted to the blue GC distribution of M87
and NGC 4552, respectively. The 1 σ fitting errors in rs are
estimated to be 1 kpc for M87 and 3 kpc for NGC 4552 by
Monte Carlo simulations.
Now we examine whether the extents of the blue GC
distributions are consistent with those of the dark matter
halos of M87 and NGC 4552. It is difficult to investigate the
dark matter distribution of M87 itself because it is confused
with the mass distribution of the Virgo cluster; the continu-
ously rising velocity dispersion of the M87 GCs out to large
radii implies that the Virgo cluster potential already dom-
inates at ∼ 5′ ∼ 23 kpc (Romanowsky & Kochanek 2001).
Meanwhile, there is no study so far of the dark matter profile
of NGC 4552. Hence, we will refer to investigations of other
galaxies and compare the blue GC distributions with esti-
mates of the dark matter halos of galaxies with comparable
luminosities to M87 and NGC 4552.
From weak lensing analysis of field galaxies, Hoek-
stra, Yee & Gladders (2004) derived an average scale ra-
dius in the NFW profile of 23+5−4 kpc for a galaxy with
LB = 2×10
10LB,⊙, which corresponds toMB = −20.3 mag.
If we use the same scaling relation rs ∝ L
0.75
B as adopted by
Hoekstra et al. (2004), which is suggested by the observed
relations among galaxy mass, luminosity and velocity dis-
persion, the scale radii of the dark matter halos in M87
and NGC 4552 can be calculated. Since the B-band abso-
lute magnitude of M87 (NGC 4552) is −21.6 mag (−20.2
mag), respectively, the scale radii would be 56+12−10 kpc for
M87 and 21+5−4 kpc for NGC 4552. The blue GC distribu-
tions may therefore be less extended than the dark matter
halos of these ellipticals, although the discrepancy is much
less significant for NGC 4552. Alternatively, cluster galaxies
may have more compact dark matter halos than field galax-
ies (Natarajan et al. 1998; Limousin, Kneib & Natarajan
2006). This environmental dependence could be expected
due to, e.g., earlier collapse epochs of dark matter halos in
denser environments resulting in more compact mass den-
sity profiles (e.g., Diemand, Madau & Moore 2005) and/or
effects of tidal interactions in clusters which can strip off
the outer part of a galaxy halo (e.g., Bullock et al. 2001;
Avira-Reese et al. 2005). Observational evidence for the tidal
stripping scenario has been presented by Natarajan, Kneib
& Smail (2002), who estimated sizes of dark matter halos of
L∗ galaxies in several rich clusters at intermediate redshifts
by analysing galaxy lensing signals on the HST/WFPC2 im-
ages and found that the size of a galaxy halo with a cer-
tain velocity dispersion depends on the mass density of the
galaxy cluster. While both of these effects may have been at
work for NGC 4552, the latter would be less likely for M87
because tidal stripping is ineffective for a massive galaxy
located at the centre of a galaxy cluster. Further investiga-
tions of GC populations and mass profiles of ellipticals both
in the field and clusters will be needed to see whether the
blue GC distribution is as extended as the dark matter halo.
3.1.3 Is there any evidence for intergalactic GCs?
Given that the majority of the blue GCs as well as the red
GCs appear to belong to the host galaxy, is there any clear
evidence for an intergalactic GC (i-GC) population in the
GC spatial distribution? In Fig. 8, the GC surface densities
for the whole coverage of our data are plotted as a function of
distance from M87. The dotted line near M87 represents the
GC distribution associated with M87 obtained by fitting a
c© 2006 RAS, MNRAS 000, 1–14
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Figure 8.GC surface number density is plotted over the full range of distance fromM87 covered by our data. The GC densities calculated
using the HDF-N data for subtraction of contamination are indicated with solid circles and those using the LH data are plotted with
open circles. The dotted lines indicate the radial profiles of GC surface densities associated with M87 and NGC 4552, and the sum of
the two distributions is indicated with the thick solid line. The thin solid lines around this thick line show the 1 σ envelope due to the
fitting errors of the de Vaucouleurs laws to the measured GC densities around M87 and NGC 4552.
de Vaucouleurs law to the radial profile of total GC surface
densities within 20′ and extrapolating to larger distances.
This is repeated for NGC 4552 using the GC profile within
10′ of the centre and the dotted line peaking around 75′
from M87 shows this component. The thick solid line shows
the sum of these two GC distributions. The thin solid lines
around this thick line show the 1 σ envelope due to the fit-
ting errors of the de Vaucouleurs laws to the measured GC
densities around M87 and NGC 4552. This plot indicates
that the GC surface densities around 100′ from M87 most
clearly exceed those expected from just the M87 GCs and
NGC 4552 GCs, suggesting that an additional i-GC popu-
lation may exist with a surface density of ∼ 0.2 arcmin−2.
Our data do not exclude the possibility that i-GCs exist not
only around 100′ from M87 but at all radii, provided the
surface density is less than ∼ 0.1 arcmin−2.
The estimated i-GC surface density depends sensitively
on the assumed radial distributions of GCs associated with
M87 and NGC 4552. For example, the GC distributions may
not follow the de Vaucouleurs laws and any deviations from
this assumption would be a source of uncertainty in the ex-
istence and amount of possible i-GCs. Even if the de Vau-
couleurs laws are good approximations of the galactic GC
distributions, we need to consider the fitting errors. When
we adopt the upper end of the envelope (i.e. +1σ) as the
galactic GC distribution, the excess GC number density
would be reduced down to ∼ 0.1 arcmin−2. On the con-
trary, the galactic GCs may not be distributed out to such
large radii and their distribution may be truncated at a cer-
tain distance from the host galaxy. If this is the case, all
the GCs found at distances larger than 90′ from M87 could
be i-GCs and the number density would be increased up to
∼ 0.5 arcmin−2. While these systematic effects dominate the
uncertainty of the i-GC surface number density, the effect of
foreground and background subtraction error is another con-
cern. The 1 σ Poisson error calculated from the numbers of
GC candidates and contaminating objects is∼ 0.1 arcmin−2.
In addition, there is a difference of ∼ 0.05 arcmin−2 in the
surface density of contaminating objects between HDF-N
and LH, which is presumed to be due to cosmic variance
of the two control fields and/or difference of data quality.
Therefore the GC surface density of 0.2 arcmin−2 estimated
at a distance of 115′ from M87 is a detection at a 1.5− 2 σ
level of significance, although this significance level depends
on the adopted model for the galactic GC distributions.
In the following discussions, we will adopt 0.2 arcmin−2
as the best estimate of the i-GC number density from our
survey with the lower (upper) limit of 0.1 (0.5) arcmin−2,
respectively. These numbers are tentative and need to be
confirmed with future observations. Spectroscopy would be
a promising way to identify true i-GCs in the candidates
and their line-of-sight velocity distribution would be evi-
dence that they are not associated with any luminous galax-
ies. Since the i-GCs are expected to be associated with the
Virgo cluster potential, their velocity distribution should be
similar to the dynamics of the Virgo member galaxies which
have a dispersion σ ∼ 500 − 800 km s−1 at ∼ 110′ from
M87, depending on the morphological types of the galax-
ies used in the calculation (Binggeli, Sandage & Tammann
1985). In fact, Arnaboldi et al. (2004) measured radial veloc-
ities for a dozen Virgo intracluster PNe (i-PNe) and found
σ = 1000 ± 210 km s−1. More accurate determinations of
i-GC surface densities would allow one to address whether
the distribution of the i-GC population in the Virgo cluster
is just a function of distance from M87, or is inhomogeneous.
This could be compared with the recent study of the i-PNe
population in the Virgo cluster, which shows a significant
field-to-field variation and no clear radial trend in the sur-
face number density (Feldmeier et al. 2004a).
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3.2 Comparison with Studies of Intergalactic
PNe: Constraints on SN for Intergalactic GC
populations
Although the i-GC surface number density estimated in the
previous section is preliminary, it provides a useful upper
limit. The surface number density of i-PNe has recently been
estimated in several fields of the Virgo cluster (Feldmeier et
al. 2004b; Aguerri et al. 2005) and the associated amount of
intracluster stellar population in the Virgo cluster has been
inferred by means of stellar evolution theory. This enables
one to calculate an expected surface number density of i-
GCs using SN as a free parameter, provided that i-GCs and
i-PNe follow a similar spatial distribution (this needs to be
confirmed in future surveys of both i-GCs and i-PNe in the
same area of sky). In the following, we derive an SN for the
i-GC population by comparing the observed and predicted
i-GC number densities. While several sources of large uncer-
tainty are expected to exist in this calculation, it gives a use-
ful insight into which galaxy populations furnish intracluster
stars and GCs, because SN is believed to be correlated with
galaxy type (e.g., Harris 1991).
In order to infer an i-GC surface number density from
the distribution of i-PNe, we start from the bolometric sur-
face luminosity density of intracluster stellar light which
is estimated using the luminosity function of PNe to be
5.5 × 105 − 1.0 × 106 L⊙ kpc
−2 where detected (Feld-
meier et al. 2004b). The lower bound value corresponds to
1.2×107 L⊙ arcmin
−2. Assuming a bolometric correction for
intracluster stars of −0.8 (Jacoby, Ciardullo & Ford 1990;
Feldmeier et al. 2004b), this can further be transformed to
a surface density of V -band luminosity of V ∼ −12.7 mag
arcmin−2. The predicted i-GC surface number density is
therefore ∼ 0.07× SN arcmin
−2. According to our analyses
of the GC surface number density profiles, the i-GC surface
number density is . 0.2 arcmin−2 where they are likely to
exist. Therefore, the results from i-GCs and i-PNe would be
mutually consistent if SN ∼ 2.9 for the i-GC population.
Considering that GCs tend to be more extended than halo
stars and may be more easily tidally stripped than stars,
the SN value of 2.9 seem to be unexpectedly low. However,
our understanding of such extended GC distributions comes
mainly from observations of luminous galaxies and GC dis-
tributions in less luminous early-type galaxies and spiral
galaxies, which are the more common galaxy populations
in clusters, are much less well studied. The SN for i-GCs
could also depend on the type of galaxy cluster; since the
Virgo cluster is a spiral-rich cluster, a significant amount of
stars and GCs may have been provided by spiral galaxies
whose SN is low (∼ 1) resulting in a modest average SN for
i-GCs.
There are a number of sources of uncertainty in SN for
i-GC populations included in the above derivation. One is
obviously the i-GC surface density. If we adopt 0.1 (0.5)
arcmin−2 as the i-GC surface density (see the last section),
the SN would be ∼ 1.4 (7.1), respectively. In addition, the
luminosity function of i-PNe and the bolometric corrections
for intracluster stellar populations are not very well con-
strained and their uncertainties are expected to be added
to those already accounted for. The SN of i-GC populations
will therefore need to be updated by forthcoming GC and
PNe surveys.
3.3 Implications for the Origin of GC Populations
In § 3.1, we suggest that most of the blue GCs around M87
are associated not with the Virgo cluster but with the host
galaxy, based on the fact that the spatial distribution of
blue GCs around M87 is not as extended as the Virgo clus-
ter mass distribution, and that such an extended distribu-
tion of blue GCs is not a special characteristic of M87. The
extended distribution of blue GCs could therefore be an in-
trinsic property of the host galaxy and this dependence of
spatial distribution on GC colour (metallicity) should there-
fore be explained by models of GC and elliptical galaxy for-
mation. In addition, recent observations suggest that the
spectroscopic ages of both metal-rich and metal-poor GCs
in ellipticals are as old as those of Milky Way GCs (Strader
et al. 2005a) and that the mean colours of the red GCs and
the blue GCs are both correlated with host galaxy prop-
erties (Larsen et al. 2001; Strader, Brodie & Forbes 2004;
Strader et al. 2005b; Peng et al. 2006). We now examine
the existing scenarios of GC and elliptical galaxy and try to
constrain the physical processes involved with all of these
recent observatios considered.
In the multiphase collapse scenario, the blue GC sub-
population is considered to have formed in situ during a
dissipative collapse of the protogalactic cloud at high red-
shift but this occurred before the bulk of the halo stars and
red GCs formed (Forbes et al. 1997). All GCs and their host
elliptical galaxy would form within a short time scale and
GCs would therefore be uniformly old. Since GC formation
is presumed to be affected by the depth of the potential well
of the host galaxy, the average metallicities of metal-rich
and metal-poor GCs should correlate with the host galaxy
properties. This scenario also appears to be supported by
the possible evidence for a metallicity gradient in the blue
GCs (§ 2.1), suggesting that the GC formation was accompa-
nied by a dissipative collapse of the protogalactic gas cloud.
The absence of a metallicity gradient at the large distances
from the host galaxy centre does not necessarily contradict
such a dissipative process; it may be due to the presence
of lower limit in GC metallicity at [Fe/H] ∼ −2 (Cayrel
1986; Burgarella, Kissler-Patig & Buat 2001; Woodley, Har-
ris & Harris 2005; Harris et al. 2006). However, the physical
mechanism for this in situ formation to produce metal-poor
and metal-rich GCs remains unclear. Numerical simulations
seem to indicate that when a massive elliptical galaxy forms
at high redshift following the dissipative collapse of a pro-
togalactic gas cloud, most of the stars (and probably GCs
as well) formed in a single episode of intense star formation
(e.g., Chiosi & Carraro 2002), which is unlikely to create sep-
arate metal-rich and metal-poor GC subpopulations. Even
if the starburst could be split into two phases, still missing
would be clues to explain why GCs rather than halo stars
are formed predominantly in the early phase of star forma-
tion and why the distribution of these metal-poor GCs is
more extended than that of the metal-rich GCs.
In fact, these problems could be resolved at least to
some extent by incorporating some effects of galaxy mergers.
Instead of mergers of mature spirals as originally proposed
by Ashman & Zepf (1992), here we consider galaxy mergers
accompanied by starbursts and red GC formation to be com-
plete at high redshift, since no clear evidence for red GCs
to be significantly younger than blue GCs has so far been
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found from observations (Cohen, Blakeslee & Ryzhov 1998;
Strader et al. 2005a). These high redshift mergers could play
a key role in the formation of a massive elliptical galaxy and
its metal-poor GC subpopulation as follows: (1) Around the
peak of the primordial density fluctuations where a massive
elliptical galaxy will subsequently form, sub-galactic clumps
collapse first; (2) these sub-galactic clumps are presumably
gas-rich and stars and GCs form therein, both of which
are expected to be metal-poor; (3) when these sub-galactic
clumps merge into a massive elliptical galaxy, the metal-
poor GCs also assemble and result in a substantial fraction
of the blue GC subpopulation of the host galaxy (see also
discussions by Harris et al. 2006). The metal-poor GCs are
expected to behave as collisionless particles in this assembly
and their spatial distribution when assembled could there-
fore follow a mass distribution of the host galaxy at this
time. Since this assembly is expected to take place in the
dark matter potential of a massive elliptical galaxy, the dis-
tribution of metal-poor GCs should be similar to a dark
matter distribution of the host galaxy and explain why an
NFW profile can give a good fit to the blue GC subpopu-
lation. Note that the presence of a metallicity gradient in
the blue GCs might constrain such a dissipationless assem-
bly of the metal-poor GCs. The average metallicity of the
blue GCs should correlate with the host galaxy mass if a
more massive elliptical galaxy forms through an assembly of
more massive building blocks, which are expected to possess
more metal-rich GCs as suggested for nearby dwarf ellipti-
cals (Lotz, Miller & Ferguson 2004). Meanwhile, the bulk
of field stars and red GCs are presumed to have formed in
the starbursts following dissipative mergers of these gas-rich
sub-galactic clumps. Their spatial distributions could there-
fore be similar to each other and more compact than that
of the blue GCs due to the effect of dissipation.
On the other hand, the high SN values observed in gi-
ant ellipticals located at the cluster centres would need to
be explained by biased GC formation in denser (presumably
more gas-rich) environments (West 1993; Blakeslee 1999;
McLaughlin 1999b). Rhode, Zepf & Santos (2005) investi-
gate GC populations in several ellipticals and spirals and
find that the number of blue (metal-poor) GCs normalized
by the stellar mass of the host galaxy tends to increase
with the host galaxy stellar mass, which may also be evi-
dence that formation of metal-poor GCs was more biased
around more massive galaxies. In the high redshift merger
scenario proposed above, this correlation could be explained
if a more massive elliptical formed from sub-galactic clumps
with a higher GC formation efficiency. In this regard, how-
ever, mergers of more massive sub-clumps to form a more
massive elliptical appear to be implausible because less lumi-
nous local dwarf ellipticals tend to have higher SN (Durrell
et al. 1996; Miller et al. 1998). Also, it is unclear if the dom-
inant metal-poor GCs assembled in this way would be found
in spiral galaxies. Another process to form metal-poor GCs
surrounding more massive galaxies independent of galaxy
morphology therefore seems necessary. One candidate may
be additional GC formation triggered by the cosmological
reionization (Cen 2001; see also discussions by Rhode et al.
(2005) and references therein). More theoretical work and
numerical experiments will be needed to predict the GC
properties and their evolution within a framework of struc-
ture and galaxy formation for these proposed mechanisms of
GC formation to be compared with the observations quan-
titatively.
Finally, we comment on the presence of tidally stripped
(blue) GCs from other (less luminous) galaxies found prefer-
entially in the outer regions of luminous ellipticals. In galaxy
clusters, the tidal force from the cluster potential is expected
to act on galaxies to remove halo stars and GCs most ef-
ficiently around the core radius of a galaxy cluster (e.g.,
Merritt 1984), which is 45 kpc (∼ 10′) for the Virgo cluster
(Nulsen & Bo¨hringer 1995). The GC surface density around
a central cluster galaxy like M87 may therefore be enhanced
around this radius by tidal capture. For luminous ellipticals
located in the outer region of a galaxy cluster or in even less
dense environments, only galaxy-galaxy interactions could
perhaps be at work. Detailed predictions of the spatial dis-
tribution of GCs expected from tidal interactions would be
useful to place constraints on the accretion scenario. Our
estimate of SN for i-GCs is another observational constraint
on the validity of this tidal capture model around M87 and
other giant ellipticals with high SN values. If the estimated
SN for the i-GC population represents the true ratio of GCs
to tidally stripped stars, the SN of a central galaxy would
be expected to decrease as the number of interactions in-
creases, which is perhaps hard to be reconciled with the
observed high SN for the M87 GCs.
4 SUMMARY AND CONCLUSION
We have performed a wide-field imaging survey of the glob-
ular cluster (GC) populations around M87 with Suprime-
Cam on the 8.2m Subaru Telescope. A 2◦ × 0◦· 5 (560 kpc
× 140 kpc) field extending from M87 to the east was ob-
served through the BV I filters. GC candidates are selected
not only with an extended source cut but also with a colour
selection which includes almost all the Galactic GCs but
minimizes the contamination of foreground stars and back-
ground galaxies. We also analyze archival imaging data of
the control fields (HDF-N and Lockman hole) to assess fore-
ground and background contamination in the GC candidates
which needs to be statistically subtracted from the GC can-
didates.
In this paper, we investigate the colour distribution,
surface number density, and local specific frequency (SN)
of GC candidates as a function of distance from two lumi-
nous elliptical galaxies M87 and NGC 4552. In investigat-
ing these statistical properties, we subtract foreground and
background contamination using both the HDF-N data and
the Lockman Hole data but we find that the results do not
depend significantly on choice of the control fields. The main
results are summarized as follows:
• The colour distributions of GCs in the innermost re-
gion (within 5′ or ∼ 20 kpc from the galaxy centre) shows
bimodality both in M87 and NGC 4552. This bimodality
becomes less clear in the outer regions due to a decreasing
contribution of the red GC subpopulation. The colour of
the host galaxy halo light is slightly redder (∆(V − I) ∼ 0.1
mag) than that of the red GC subpopulation.
• The average colour of GCs becomes bluer with in-
creasing distance from the host galaxy. The colour gradi-
ent within 15′ from the host galaxy is estimated to be
c© 2006 RAS, MNRAS 000, 1–14
A wide-field survey of globular clusters - II 13
d(V − I)/d log r = −0.17 ± 0.07 for the M87 GC popula-
tion and d(V − I)/d log r = −0.16± 0.08 for the NGC 4552
GC population. The GC colour gradient may be due to a
combination of the decreasing contribution of red GCs and
a colour gradient in each GC subpopulation. At radii larger
than ∼ 15′, however, the radial gradient of GC colour seems
much less significant in both of M87 and NGC 4552. The
colour gradient of the host galaxy halo light is found to be
steeper than the GC colour gradient in M87, while both are
consistent with each other in NGC 4552.
• The spatial distribution of the GC population as a
whole is more extended than the host galaxy halo light both
in M87 and NGC 4552. This is primarily due to the extended
distribution of the blue GCs, while the distribution of the
red GC subpopulation is as centrally concentrated as that
of the halo light. Accordingly, the local SN for the blue GCs
increases with radius, whereas that for the red GCs is nearly
constant.
• Although the spatial distribution of blue GCs around
M87 is more extended than that of the host galaxy halo
light and the red GCs, it appears to be less extended than
the mass distribution of dark matter in the Virgo cluster.
Furthermore, the extended distribution of blue GCs does
not seem to be a special characteristic of giant ellipticals
at the cluster centres like M87. Both of these facts do not
support the idea that the high SN value of M87 is due to
the superposition of intergalactic GCs (i-GCs). Instead, we
suggest that most of the blue GCs as well as the red GCs
are associated with the host galaxy.
• We find marginal evidence for the existence of intraclus-
ter GCs (i-GCs) with a surface density of 0.2+0.3−0.1 arcmin
−2.
Comparison with the predicted surface luminosity density
of intracluster stars gives a crude estimate of SN for this i-
GC population SN = 2.9
+4.2
−1.5. If this SN represents the true
ratio of GCs to tidally stripped stars, the fraction of GCs
captured by this process would be low in the GC population
of M87.
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